Abstract. Cardiovascular diseases (CVD) have the highest worldwide mortality rate of any type of disease. In recent years, genetic research regarding CVD has been conducted using association studies, in which the presence of a genetic polymorphism associated with a specific cell signaling pathway in a lower or in a higher frequency among patients may be interpreted as a possible causal factor. Genetic polymorphisms that occur in the β-adrenergic receptor 1 (β-ADR1) can result in significant changes in its function that may result in physiopathologies. Ambiguous categorizations, such as skin color and self-reported ethnicity have been used in pharmacogenetic studies as phenotypic proxies for ancestry; however, admixed populations present a particular challenge to the effectiveness of this approach. The main objective of the present study was to estimate the diversity and the frequency of the Ser49Gly polymorphism of the β-ADR1 gene in a sample of 188 male individuals from the population of Rio de Janeiro. The Ser49Gly frequencies were analyzed by two forms of sample stratification: The phenotypic criterion of black or non-black skin color, and African or non-African ancestry, defined using Y-chromosome single nucleotide polymorphisms and autosomal indel markers. These results were used to evaluate whether marker-based ancestry criteria and/or skin color were associated with the frequency of the Ser49Gly polymorphisms in the heterogeneous Rio de Janeiro/Brazilian population. The DNA fragments of interest were amplified by polymerase chain reaction with specific primers for the Ser49Gly marker, and genotyping reactions were performed by restriction with the enzyme Eco0109I. Heterozygosity values ranging from 0.25 to 0.50 and 0.20 to 0.41 were found for the groups stratified by ancestry and skin color, respectively. Using the Hardy-Weinberg equilibrium at the ser49Gly marker, it was found that there was no significant deviation in the genotype distribution of the whole Rio de Janeiro sample or the stratified sample. Analysis of the allelic distribution in the Rio de Janeiro population sample revealed frequencies of 80.30 and 19.70% for the wild-type (Ser49) and mutated (Gly49) alleles, respectively. Significant differences were observed in the allele frequencies of the Ser49Gly marker between the self-defined black and non-black phenotype, and the African and non-African descendant genotype population samples. A significant difference was also observed between blacks and African-descendant individuals, with a lesser degree of genetic differentiation. The results presented in the present study suggest that the Ser49Gly marker has a distribution that is influenced by an ancestral component, due to the increased prevalence of the Gly49 polymorphism in the black and African descendant populations of the Rio de Janeiro state. This evidence, in combination with clinical studies, may contribute to a detailed analysis of the pattern of susceptibility to CVD involved in β-ADR1 receptor mechanism failure.
Introduction
Cardiovascular diseases (CVD) have the highest mortality rate of any type of disease worldwide. In Brazil, CVD accounted for 32.3% of total mortality (1, 2) , which justifies the search for a greater understanding of this disease. Although the associated morbidity and mortality rates remain high, treatment of CVD has progressed markedly in the past 15 years, and several drugs and procedures have been incorporated into the therapeutic strategy. This has resulted in a significant reduction in cardiovascular events with an impact on survival and quality of life, and a reduction in the costs of CVD to public and private healthcare (1) .
An important consideration in the treatment of CVD patients is the potential risk of the treatment itself. The risks associated with treatment markedly increase once various therapeutic agents at variable doses are administered together in an attempt to achieve maximum benefit. Adverse effects associated with the use of different drugs account for >2 million hospital admissions per year (3, 4) . The use of β-blockers, for example, may lead to worsening symptoms of heart failure (HF). In certain studies, hypercalcemia secondary to HF treatment, was correlated with an increase in mortality from 0.03 to 0.2% and an increase of 0.24 to 1.1% hospitalizations (3, 4) .
Therefore, despite advances in CVD therapy, it appears that the standard treatment for all patients may be inappropriate, since they do not account for the individual variability in response to drugs observed in clinical practice.
In an attempt to individualize treatment, data concerning the phenotype of the patient, such as weight and body surface area, have been considered. However, there remains significant variability in therapeutic response and clinical outcome, even in phenotypically similar patients (5) (6) (7) (8) .
Several studies have been performed in order to identify risk factors that are associated with a worse CVD prognosis and patient responses to particular treatments, that may affect current rates of morbidity and mortality (6, 7) .
Previous studies have highlighted the importance of researching genetic factors involved in the development and treatment of various diseases. There are several studies describing the association between genomic factors and pathologies, such as right ventricular arrhythmogenic dysplasia and hypertrophic cardiomyopathy (6, 9, 10) . Genomic studies have suggested that for a considerable number of CVD patients, susceptibility to the disease is due, at least in part, to DNA polymorphisms, particularly those associated with neurotransmitter receptors (11) . Since the importance of adrenergic receptors has been widely recognized, the influence of polymorphisms in these receptors and their effect on cardiovascular regulation in humans has been investigated (12) .
Among the most widely investigated polymorphisms are the Arg389Gly and the Ser49Gly from the β1-adrenergic receptor gene (β-ADR1), which have been associated with metabolic events and exhibit a causal correlation with CVD and are therefore identified as possible genetic susceptibility factors. The Arg389Arg genotype was associated with an increased adrenergic response in the acute phase of CVD and with a higher incidence of ventricular tachycardia. The genotype Ser49Ser, on the other hand, was associated with less downregulation of β1 adrenergic receptors, resulting in an increase of the agonist expression, producing an increase in the adrenergic activity, as observed in heart failure (12, 13) .
Other studies have demonstrated an association between the Ser49 polymorphism and lower mortality when β-blockers are used in treatment, and the Arg389 polymorphism with higher basal activity (14) . This reinforces the hypothesis that the investigation of these genetic polymorphisms is an important step towards a greater understanding of the physiological changes associated with CVD.
Case-control studies can be effective in the identification of polymorphisms associated with CVD. However, the different polymorphism frequencies in samples may not always be associated with the underlying genetics of a particular phenotype; they can also be derived from population stratification (15) .
In this case, if the prevalence of this candidate gene is particularly high in a particular ethnic group and if that group is over-represented among cases compared with the controls, the frequency of this allele in this group may be mistakenly associated with the disease in question featuring an erroneous association (16) . In addition, a more frequent allele in this group may be erroneously associated with the disease in question. These spurious associations may be due to the genetic stratification of the population analyzed and often cannot be perceived by information provided only by the object of study. This means that if a sample is stratified based on their ancestry, for example, this stratification cannot be detected through self ethnic statement or color self-declaration, information commonly available in clinical studies. Therefore, ancestry genetic markers should be used in order to investigate ancestry background (15) . This error is evident when admixed populations, such as the Brazilian population, are considered. Since skin color and self-reported ethnicity have been used in pharmacogenetics as phenotypic proxies for ancestry, population admixture presents questions regarding the effectiveness of this approach. In the present study, estimates of ancestry were important strategies in order to minimize the effect of the genetic population substructure.
Although frequency data concerning polymorphisms of β-ADR1 for different ethnic groups are well-reported in European, North American and Asian populations, data regarding the Brazilian population are limited, particularly with regard to the size of each ethnic group component in this admixed population. The aim of the present study was to analyze the Ser49Gly polymorphism in the β-ADR1 receptor gene, comparing allele and genotype frequencies in a sample from the population of the Rio de Janeiro state, Brazil. The frequencies were stratified by the phenotypic criterion of black and non-black skin color, and by African and non-African genetic ancestry, defined by Y-chromosome single nucleotide polymorphisms (SNPs) and autosomal indel markers (AIMs), to evaluate whether the marker-based ancestry criterion and/or skin color are associated with Ser49Gly polymorphisms in the heterogeneous Rio de Janeiro Brazilian population. 
Materials and methods

Study population.
A total of 188 DNA samples from genetically unrelated individuals born in the state of Rio de Janeiro were collected by the DNA Diagnostic Laboratory of Rio de Janeiro State University (Rio de Janeiro, Brazil). The samples were collected by informed voluntary donation for research purposes and was approved by the Local Institutional Research and Ethics Committee at Rio de Janeiro State University, according the process number CAAE:0067.0.228.000-09 and written informed consent was obtained from all subjects. For the analyses, subjects were grouped by skin color as black-Rio de Janeiro (BL, n=86) or non-black (NBL, n=102), and by genetic ancestry confirmed by analysis of AIMs (17, 18) and Y-chromosome SNPs (19) as African descendant (AFR, n=17) or non-African descendant (NAFR, n=125) ( Table I ).
Blood collection. Samples of peripheral venous blood were obtained with fully informed consent. The samples were collected in Vacutainer tubes with EDTA anticoagulant and maintained at 4˚C until the DNA was extracted using the salting out method (20) .
Polymerase chain reaction (PCR) analysis. PCR was performed using 50 ng DNA, 2.5 mM deoxyribonucleotide triphosphate, 4X buffer containing 50 mM KCl, 4 mM MgCl 2 , 10 mM Tris-HCl (pH 8.5), 1.0 IU TaqDNA polymerase and 1 µl of each primer for the Ser49Gly polymorphism. The primer sequences were as follows: Sense: 5'-CCGGGC TTCTGGGGTGTTCC-3' and antisense: 5'-GGCGAGGTGA TGGCGAGGTAGC-3' . The cycling conditions were: 94˚C for 3 min, 40 cycles of 94˚C for 30 sec, 65˚C for 30 sec, and 72˚C for 45 sec with a final extension of 72˚C for 7 min. The PCR-amplified products were separated by electrophoresis on 2% agarose gel. The PCR products were digested with 1X NEB04 buffer and 1 unit Eco0100I restriction endonuclease (New England Biolabs, Beverly, MA, USA), with band fragments of 345 bp (Ser/Gly) and 219 bp (Gly/Gly). Following digestion, the genotypes were separated and identified by gel electrophoresis in 2.0% agarose or 8% polyacrylamide gel.
Statistical analysis.
Estimates of genetic diversity, allele and genotype frequencies, population differentiation and genetic distance using the fixation index (Fst) measure were computed using the Arlequin program, version 3.5 (21) .
Results
Characterization of population sample. The Ser49Gly polymorphism was analyzed in 188 individuals, grouped by skin color as black (BL) or non-black (NBL). Out of the 188 individuals, 142 were also grouped by ancestry defined by Y-chromosome SNPs and AIMs as African descendant (AFR) or non-African descendant (NAFR). Table I shows the characteristics of the groups.
Heterozygocity, genotype and allele frequencies. The allele and genotype frequencies, genetic diversity, expected and observed heterozygosity values and significance (P-value) for the Ser49Gly polymorphism in the β-ADR1 gene were calculated using the Hardy-Weinberg equation for the population samples grouped by ancestry (Table II) and skin color (Table III) .
The values of heterozygosity ranged from 0.25 to 0.50 and 0.20 to 0.41 in the groups stratified by ancestry and skin color, respectively. Using the Hardy-Weinberg equilibrium, it was found that there was no significant deviation from this marker genotype distribution (P>0.05) in the Rio de Janeiro sample (RJ) or very close to the established statistical significance level of p=0.05 in Anc+ (Tables II and III) .
The distribution of alleles in AC_RJ reveals frequencies of 80.30 and 19.70% for the wild-type (Ser49) and mutated (Gly49) alleles, respectively. The same pattern was observed in the Anc+ group (Table II) .
Comparison with other world population samples. The Rio de Janeiro state population sample and the groups stratified by skin color or genomic ancestry were also compared with other world populations based on the estimated index of Wright's F-statistics (Fst). This index is calculated using the variance of allele frequencies between pairs of samples and converted 
Discussion
The construction and analysis of databases of allele frequencies in population studies can be addressed to research applications of quantitative traits in association studies (22) . Populations that have different characteristics among groups of individuals may exhibit differences in allele frequencies, which may result in spurious associations between a marker and a particular phenotype. The correct interpretation of the data generated from population studies may decrease this type of occurrence (15) . In the present study, the frequencies of the Ser49Gly polymorphism in the β-ADR1 gene were estimated from a sample of 188 individuals of the population of Rio de Janeiro. The frequencies were also analyzed by sample stratification using either the phenotypic criterion of black (BL) or non-black (NBL) skin color, or by genetic ancestry, defined by ancestry information markers as African descendant (AFR) or non-African descendant (NAFR). The frequencies obtained in the present study were also compared with those of other world populations in order to evaluate whether there were significant differences in the frequency of the studied marker in different populations and whether the criteria of ancestry and/or skin color determine the pattern of differentiation and genetic distance.
The observed heterozygosity was higher than expected; however, this difference may be due to chance, since no deviation from the Hardy-Weinberg equilibrium was identified.
The distribution of the alleles from the 188 individuals revealed that the wild-type allele Ser49 has a frequency of 80.30% compared with a frequency of the mutant allele Gly49 of 19.70%. The same pattern was observed for the other analyzed subgroups, stratified by ancestry (Table II) or skin color (Table III) . Studies in different world populations, including European (23-26), Asian (27, 28) and other Latin American populations (29) also revealed higher frequencies of the Ser49 wild allele compared with the Gly49 allele.
The analysis of the distribution genotypes of the whole sample revealed the occurrence of three genotypes, with the greatest frequency of the wild homozygous Ser49Ser in the NAFR (Table II) and NBL (Table III) groups. In addition, Table III . Allelic and genotypic frequencies in the Rio de Janeiro sample grouped by skin color and diversity parameters (homozigosity and heterozigosity). increases in the frequency of heterozygous Ser49Gly and homozygous Gly49Gly mutant genotypes among AFR (Table II) and BL (Table III) groups were observed. A study by Ramu et al (27) , using a sample of healthy individuals from India together with data collected from other populations (China, Japan, Mexico and Sweden), has revealed that the frequency of genotype Ser49Ser was also increased. Furthermore, the increase of heterozygous and homozygous mutants was also observed in a sample of individuals of African descent, consistent with the results of the present study. A similar result was observed by Kurnik et al (30) by investigating individuals of African-and non-African descent in North America, using skin color as a parameter. A lower frequency of the homozygous Ser/Ser genotype with a consequently high frequency of the Ser/Gly and Gly/Gly genotypes was identified in the African descendent population.
Populations are never pure in a genetic sense. Therefore, defining boundaries between individuals or populations based on genetic criteria is inappropriate. Nevertheless, individuals commonly form groups according to geographical distance or shared cultures (31) . These groups are subject to factors, such as isolation, genetic drift, selection and migration that may influence the distribution of genetic markers, guiding a pattern of differentiation among populations. By consideration of these factors, the variation in the pattern of distribution of alleles among populations can be used as an estimate of the genetic distance between such groups. Jorde and Wooding (31), used Fst to evaluate genetic differentiation, measuring the proportion of the total variance of allelic frequencies that occurred between subpopulations.
In the present study, the largest genetic distances, as determined by the analysis of the Ser49Gly marker, were identified between the AFR_RJ and the NBL_RJ groups (Fst=0.286 and P<0.05), followed by the AFR_RJ and NAFR_RJ groups (Fst=0.222 and P>0.05). This result is in accordance with the findings of studies in which the highest measures of genetic distance among African populations occurred in association with the non-African populations (31) .
The analysis of Fst in the present study also revealed that the closest genetic distance was observed between the NBL_RJ and AFR_RJ groups with P>0.05. However, significant distances were observed between the BL_RJ and AFR_RJ groups (P<0.05). These data suggest that there is a greater correlation between the sample data stratified by ancestry and skin color in relation to non-African inheritance when compared with African inheritance.
The results also suggest that the grouping of individuals characterized by skin color should be determined by an analysis of the contribution of the non-African ancestral component. Studies that use samples of individuals characterized only on the skin color criterion, disregarding information with regard to the ancestry of the individual, may have results shift significantly due to this spurious association.
In the present study, the genetic distances in a sample from the state of Rio de Janeiro, stratified by skin color and genetic ancestry, were compared with other world populations, using the pattern of Fst (Table V) . The non-black and non-African descendant individuals in the present study were similar to the admixed populations of other world locations, indicating that these groups share similar non-African ancestry. The populations of Asian ethnicity exhibited a distribution of allelic polymorphisms of the receptor β-ADR1 in accordance with those observed in the literature for these populations (27) (28) (29) . These results demonstrate that cultural and geographical barriers are strong components for the differentiation pattern of genetic flow.
With the realization of the differences in the distribution of alleles in different world populations of the Ser49Gly marker, a question arises regarding the differing response sensitivity of the β-ADR receptors in CVD due to ethnic differences, and whether this knowledge can contribute to improved characterization of the physiopathology of this disease.
In the clinical context, certain studies analyzing β-blocker treatment in cardiac patients from different ethnic groups revealed differences in sensitivity to the drug and the time to achieving effective clinical treatment. For example, in a study of the different ethnic groups in Malaysia (Chinese, Indian and Malay), the Chinese ethnic group was less sensitive following stress tests to the antihypertensive effects of propranolol compared with the Indian and Malay ethnic groups (9) . Two further studies investigating the association between ancestral information and clinical treatment outcomes found that in individuals of African descent, the effectiveness of propranolol treatment improved with dose increases when compared with individuals of non-African descent (32, 33) . This suggests that detailed knowledge of individuals through analysis of ancestry can optimize therapeutic conditions, with a consequent reduction in the cost of treatment.
In the context of genetic analysis, a study by Kurnik et al (30) , found a positive association between mutated alleles and the lowest level of response to atenolol treatment as determined by electrocardiograms and analyzing the area under the curve. In an analysis of 144 patients with systolic heart failure, a positive association was observed between the polymorphism Ser49Gly and atrial fibrillation (12) . In another study conducted to understand the physiological changes associated with dobutamine administration, 38 healthy subjects underwent tests of heart rate, systolic and diastolic blood pressure, and a physiological improvement was observed between the Ser49Gly polymorphism and cardiovascular physiology with the use of β-blocker (23) .
The results of the present study suggest that the Ser49Gly marker has a distribution influenced by an ancestral component, due to a higher prevalence of the Gly49 polymorphism in the black and African descendant populations of Rio de Janeiro. This validates the hypothesis that ancestral knowledge is an important tool to reduce the likely bias observed in association studies where ethnicity is self-defined, particularly in admixed populations thus resulting in potential failure in the characterization of samples. Such evidence, in combination with clinical studies, may contribute to a detailed analysis of the pattern of susceptibility to CVD with β-ADR1 receptor mechanism failure. This may enable indication of appropriate therapy for each individual, thus contributing to an improved prognosis of disease in the wider population.
